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(54) Procedure for measuring a patient's impedance 



(57) The present invention relates to a procedure for 
measuring a patient's impedance. Based on the imped- 
ance, it is possible to monitor the patient's respiration 
and/or blood circulation. In the procedure, a plurality of 
electrodes (1a, 1b; Id, 2; 2a) are connected to the pa- 



tient and the changes in the impedance relationships 
between the electrodes (la, lb, 2) are measured. The 
invention makes it possible to use the same measuring 
conductors and measuring electrodes for impedance 
measurement as are used in ECG measurement. 
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Description 

The present invention relates to a procedure for the 
measurement of impedance as defined in the preamble 
of claim 1 . 

An impedance method is used to measure a pa- 
tients respiration and blood circulation, such as cardiac 
stroke volume, cardiac output, cardiac cont-ractility In- 
dices, thoracic fluid content, deep vein thrombosis, per- 
pheral blood flow and arterial occlusive disease. 

Impedance respiration measurement, i.e. respira- 
tion measurement by the aid of a variable impedance, 
is based on the measurement of changes in electric con- 
ductivity in the chest. Electric conductivity decreases 
during inhalation as air flows into the lungs, air having 
a low electric conductivity, and increases during exha- 
lation as air is discharged from the lungs. 

The measurement Is generally performed using a 
high-frequency constant current as measuring current, 
so that the impedance of the chest can be calculated 
from the voltage set up across it. In this case, the chest 
impedance is mainly resistive, with a reactive compo- 
nent of only about 1 5%, Measured with a 1 00 kHz signal, 
the resistance of the chest generally has a magnitude 
of about 20-60 ohm. Respiration only cau ses a change 
of approx. 0.1-1 ohm in it, because most of the meas- 
uring current does not flow through the highly resistive 
lung tissue but through the muscles and the back. 

In addition, the measurement is disturbed by the 
stray capacitances of the cables and amplifier, although 
these only have a minor significance because the volt- 
age generated across them is in different phase relative 
to the voltage generated by the resistive component of 
the impedance of the chest. 

A high-frequency measuring current is used be- 
cause the impedance of the electrodes decreases with 
increasing frequency. The skin-electrode impedance 
decreases to one hundredth when the measurement 
signal is increased from a low frequency to 100 kHz. In 
practice, the upper limit for the measuring signal fre- 
quency is about 1 00 kHz, because at higher frequencies 
too much of the measuring current begins to flow 
through stray capacitances. The measuring frequencies 
used are generally in the range of 10... 100 kHz. 

In impedance measurements previously known, 
two or more electrodes are used. When the measure- 
ment is performed using two electrodes, the measuring 
current has to be supplied via the same electrodes as 
are used for the measurement itself. This results in a 
measurement error, because the current density is larg- 
er in the vicinity of the current supply electrodes, and 
the impedance changes occurring in the tissue near the 
current supply electrodes appear larger in relation to 
those occurring in the rest of the tissue, f^oreover, the 
non-linearity of the current density in the tissue causes 
error in the measurement result. 

In practical monitoring, however, the biggest draw- 
back with two-electrode measurement is that the imped- 



ances of the electrodes and measuring cables are 
summed with the chest impedance, with the result that 
the small change in chest impedance caused by respi- 
ration easily gets lost in the total impedance. 

5 To correct the measurement errors referred to 
above, measuring procedures involving four or more 
electrodes have been developed. In a four-electrode 
procedure, the current is supplied to two outer elec- 
trodes and the measurement is performed with two inner 

10 electrodes. When the measuring amplifier has a high in- 
put impedance, the current flowing through the measur- 
ing electrodes, which causes a measurement error, is 
small. Besides, the impedances of the current supply 
cables and electrodes are not summed with the imped- 

is ance to be measured. In addition, the measurement ar- 
ea can be located at a larger distance from the current 
supply electrodes, in which case the magnitude of the 
current density in the tissue In the area between the 
measuring electrodes is roughly constant. Moreover, 

20 the impedance changes in the area between the meas- 
uring electrodes appear larger in relation to the changes 
in other areas, making it possible to define the meas- 
urement area more precisely. In addition, the measure- 
ment area extends deeper into the tissue. 

25 By using guard electrodes in addition, the error 
caused by the non-linearity of the current density can 
be reduced. By further increasing the number of elec- 
trodes used, the measurement area can be focused bet- 
ter and it is even possible to compute an impedance to- 

30 mogram by means of a computer. 

Since impedance respiration measurement in pa- 
tient monitoring is generally performed simultaneously 
with ECG measurement using the ECG cable as meas- 
uring cable, two-point measurement is generally used, 

35 because the monitors usually have three-wire ECG ca- 
bles. This means that the above-described problems as- 
sociated with two-point measurement cause disturbanc- 
es in the measurement. 

The object of the present invention is to eliminate 

40 the problems described above. 

A specific object of the present invention is to pro- 
duce a new type of procedure for monitoring a patient's 
respiration. 

A further object of the present invention is to pro- 
45 duce a simple and reliable procedure for monitoring a 
patient's respiration, allowing respiration monitoring. to 
be performed using the same measuring cables and 
electrodes as in ECG measurement. 

As for the features characteristic of the present in- 
50 vention. reference is made to the claims. 

In the procedure of invention for measuring a pa- 
tient's impedance, at least two, preferably three elec- 
trodes are connected to the patient. It is also possible 
to use more than three electrodes. According to the in- 
55 vention. the patient's respiration or blood circulation is 
monitored by measuring the changes in the impedance 
relationships between the electrodes. The essential fea- 
ture of the procedure of the invention is that one or pref- 
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erably more than one impedance formed in the patient 
between electrode pairs is/are measured, one of said 
electrodes being a grounding electrode, on which the 
measurement is performed. In a preferred case, the 
change in the relation between the measured Imped- s 
ances is determined. 

The procedure of the invention has the advantage 
that the measurement of a patient's respiration can be 
performed using the same measuring cables and elec- 
trodes as are used for ECG measurement. 

A further advantage of the procedure of the inven- 
tion is that equal cable Impedances and equal electrode 
impedances as well as equal tissue impedances cancel 
each other, so the carrier of the signal to be measured 
is small and the relative modulation produced in the car- 
rier by respiration is therefore larger and thus easier to 
measure than in prior-art two-point measurement. 

Furthermore, the procedure of the invention elimi- 
nates the earlier problems resulting from the measuring 
cable impedances being summed with the impedance 
to be measured, and no separate low-impedance respi- 
ration measurement cable is needed because the im- 
pedances cancel each other, but instead the normal 
ECG cable supplied by the monitor manufacturer can 
be used. 

An additional advantage of the present Invention as 
compared with prior art is that the procedure of the in- 
vention allows the impedance change to be determined 
more accurately and more reliably than in the earlier 
two-point measurement. 

I n an embodiment of the procedure of the invention, 
the electrodes are arranged asymmetrically relative to 
the lungs, so that the impedances between the elec- 
trodes will be affected differently by the alveolar air in 
the lungs. In addition, a measuring signal is fed into the 
patient through one of the electrodes and the modula- 
tion of the measuring signal caused by the inter-elec- 
trode impedances is determined. From the modulation, 
it is possible to conclude the change in the impedance 
relationship and further that air is flowing into or out of 
the patient's lungs, air having a poor electric conductiv- 
ity. 

In a preferred embodiment, a measuring signal is 
supplied via two electrodes, one of the electrodes is 
grounded with a grounding Impedance, which may con- 
sist of a resistor, coil, capacitor or a combination of 
these, and the voltage appearing across the grounding 
impedance, the current flowing through the grounding 
impedance or the phase of the voltage or current Is 
measured. The measured voltage Is further compared 
with the measuring signal to determine its modulation. 

The measuring signal can also be supplied via the 
grounding electrode. 

In a preferred embodiment, the voltage of an indi- 
vidual electrode or the voltage difference between the 
electrodes can be measured, and, based on this meas- 
urement, the change in the impedance relationships be- 
tween the electrodes can be determined. 



In an embodiment of the present invention, a plu- 
rality of electrodes are connected to the patient. In this 
case, it is also possible to measure the relative change 
in the impedances appearing in the area between the 
electrodes in relation to each other. The measuring sig- 
nal is preferably an a.c. signal having a frequency of 
about 10-100 kHz, preferably about 30 kHz. The meas- 
uring signal may be a voltage signal or a current signal. 

In the following, the invention is described by the 
aid of embodiment examples by referring to the attached 
drawing, in which 

Fig. 1 illustrates the principle of implementatbn of 
a procedure as provided by the invention; and 
Fig. 2 presents a diagram representing an embod- 
iment of the procedure of the invention. 
Fig. 3 presents a diagram representing an embod- 
iment of the procedure of the invention which is 
used for monitoring a patient's blood circulation. 

Referring to Fig. 1 and 2, the procedure of the 
present invention is applied to the measurement of a pa- 
tient's respiration as follows. Electrodes 1 a, 1 b and elec- 
trode 2 are connected to the patient, preferably in the 
region of the lungs and asymmetrically relative to the 
lungs. As the respiration is monitored using the same 
measuring cables and electrodes as in ECG measure- 
ment, electrodes 1 a and 1 b correspond to the active 
electrodes in ECG measurement and electrode 2 to the 
neutral electrode In ECG measurement. Fig. 1 also 
presents the patient Impedances Zpl and 2p2 appear- 
ing between the electrodes. Between active electrode 
1a and the neutral electrode 2, patient impedance Zpl 
appears, and between active electrode lb and the neu- 
tral electrode 2, patient Impedance Zp2 appears. 

Through the active electrodes la, lb, a measuring 
signal in opposite phase is supplied, which may be e.g. 
a +/- 1 2 V voltage signal having a frequency of 30 kHz. 
In the embodiment in Fig. 2, the measuring signal is sup- 
plied from a signal generator 5 directly to electrode 1a 
and via an inverter 6 to electrode lb. When the body 
impedance remains unchanged and the impedances Z1 
and Z2 on each side of the vertical broken line in Fig. 2 
are approximately equal, the voltage across the ground- 
ing impedance 3, measured by means of amplifier 4, is 
approximately zero, because the voltages in opposite 
phase cancel each other. If this is not the case, the im- 
pedances Z1 and Z2 can be matched e.g. as follows. 
Referring to Fig. 2, matching can be achieved in the cir- 
cuit in Fig. 2 by supplying an asymmetric bipolar meas- 
uring signal, in other words, by supplying one of the elec- 
trodes la, 1b with a smaller measuring signal than the 
other. In practice, the matching is performed e.g. by ad- 
justing the gain of the amplifier acting as an inverter by 
means of a gain control circuit 7. The control circuit 7 is 
controlled by a synchronised demodulator 8 connected 
to the output of the measuring amplifier 4. The purpose 
of the matching is to balance the unchangeable compo- 
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nents of the impedances so that the carrier produced by 
them at the measuring point is zero, permitting the rel- 
ative modulation of the carrier of the measuring signal 
to be seen considerably more clearly, due to the change 
in the impedance relationship, than in prior-art solutions, s 

When the patient is breathing, he/she inhales air, 
which has a low electric conductivity, and if the active 
electrodes 1a, 1b have been suitably connected to the 
patient, the air has a different effect on impedance Zpl 
than on impedance Zp2, thus having an effect on the 
impedance relationship Z1/Z2. The impedance change 
further affects the voltage across the grounding imped- 
ance 3, and this voltage is compared with the supply 
signal. Based on this comparison, it is possible to es- 
tablish the change in the impedance relationship and 
whether the patient is breathing or not. 

Referring further to Fig. 1 and 2, possible embodi- 
ments of the invention are presented as a summary. The 
measuring signal generator may be either a current gen- 
erator or a voltage generator, in other words, the meas- 
uring signal fed into the patient may be either a current 
signal or a voltage signal. Further, the measuring signal 
can be supplied to the electrodes either in unipolar or in 
bipolar form, i.e. either in opposite phase or in phase. 
In addition, the measuring signal can be supplied from 
one or more electrodes, and more than three electrodes 
can be used. Moreover, the measuring signal can be 
supplied via a resistor, capacitor, coil, transformer or a 
combination of these. The essential point in the proce- 
dure of the invention is that, by means of the measuring 
signal, the change in the relationship between imped- 
ances Z1 and Z2 is determined, said change being pro- 
portional to changes in the amount of alveolar air in the 
patient's lungs. 

Let it be further noted that the procedure of the in- 
vention can also be implemented using two electrodes 
so that the signal is supplied via one electrode while the 
other electrode is grounded with a grounding imped- 
ance. In this case, the voltage across the grounding im- 
pedance, the current flowing through the grounding im- 
pedance or the phase of the voltage or current is meas- 
ured and compared with the measuring signal, where- 
upon the change in the patient impedance between the 
electrodes can be determined on the basis of this com- 
parison. 

Referring to Fig. 3, in the following is a description 
of the use of impedance measurement as provided by 
the invention for the monitoring of a patients blood cir- 
culation, especially for determining the pulse volume 
curve based on the fact that blood-filled tissue has a low- 
er impedance. In Fig. 3, blood circulation in a patient's 
calf vein is being monitored. Fig. 3 shows part of the 
patient's leg 9, with the patient sitting e.g. on the edge 
of a bed. In Fig. 3. placed around the calf is a blood pres- 
sure cuff 10, which can be set tight around the calf by 
pumping air into it. The air is pumped into the cuff 10 by 
means of a pumping device 1 2 connected to it. Connect- 
ed to the patient is an electrode 1 d and a grounding elec- 



trode 2a, a measuring signal being supplied from an a. 
c. generator 11 via electrode Id. As for the measurement 
of the impedance, reference is made to the description 
presented above by referring to Fig. 1 and 2. 

This method aims at measuring venous reflux. 
When the valves in the veins are in good condition, there 
is less reflux. When air is pumped into the cuff, the blood 
flows away from the veins as the cuff exerts a pressure 
on them. When the cuff is deflated, the veins are refilled 
with blood. If the valves In the veins leak, then the veins 
are refilled more quickly and therefore the impedance 
change is faster than in the case of healthy valves. 

The invention is not limited to the examples of its 
embodiments described above, but instead many vari- 
ations are possible in the scope of the inventive idea 
defined by the claims. 



Claims 

20 

1. Procedure for measuring a patient's impedance, in 
which procedure a plurality of electrodes (1a, 1b; 
Id, 2; 2a) are connected to the patient and in which 
the patient's impedance isTneasured from changes 

25 in the relationships of an impedance or impedances 
between the electrodes, characterized in that 

a measuring signal is supplied via electrodes 
(la, lb, 1 dor 2; 2a); 
30 - an electrode (2; 2a) is grounded with a ground- 
ing impedance (3; 3a); and 
the voltage across the grounding impedance, 
the current flowing through the grounding Im- 
pedance and/or the phase of said voltage or 
55 current is measured, this measured quantity 

being proportional to the patient impedance. 

2. Procedure as defined in claim 1 , characterized in 

that the measured voltage, current or phase is com- 
40 pared with the measuring signal to determine the 
modulation of the measuring signal, said modula- 
tion being proportional to the relationship of the im- 
pedances between the electrodes and the neutral 
electrode or to the impedance between the elec- 
ts trodes and the neutral electrode. 

3. Procedure as defined in claim 1 or 2, characterized 
in that the impedance measurement is used as a 
basis in monitoring the patient's respiration. 

so 

4. Procedure as defined in claim 1 or 2, characterized 
in that the impedance measurement is used as a 
basis in monitoring the patient's blood circulation, 
such as cardiac stroke volume, cardiac output, car- 

ss , diac contractility indices, thoracic fluid content, 
deep vein thrombosis, peripheral blood flow and ar- 
terial occlusive disease. 
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5. Procedure as defined in any one of claims 1 - 4, 
characterized in that 

the electrodes are so arranged relative to the 
patient's lungs and/or blood circulation that res- s 
pi ration and/or blood circulation will cause 
changes in the impedance relationship to be 
measured; 

a measuring signal is supplied into the patient 
through one of the electrodes (1a, 1b; 1c, Id, 
2; 2a); and 

the modulation of the measuring signal effected 
by the impedances between electrodes (1 a, 1 b: 
1c, 1d) and electrode (2; 2a) is determined. 

6. Procedure as defined in any one of claims 1 - 5, 
characterized in that the asymmetry between the 
basic impedances to be measured is compensated 
by means of a voltage asymmetry of the measuring 
signal supplied, permitting the change in the asym- 
metry of the Impedances to be more clearly distin- 
guished, 

7. Procedure as defined in any one of the preceding 
claims 1 - 6, characterized in that the asymmetry 
between the basic impedances to be measured is 
compensated by means of a matching impedance. 

8. Procedure as defined in any one of the preceding 
claims 1 - 7. characterized in that the measuring 
signal is supplied via electrodes (1a, lb; Id) in op- 
posite phase. 

9. Procedure as defined In claim 3, characterized in 
that the measuring signal is supplied via one elec- 
trode (la, lb; Id, 2; 2a). 

10. Procedure as defined in any one of the preceding 
claims 1 - 9, characterized in that 

the voltage of electrodes (la, lb; Id) and elec- 
trode (2; 2a) and/or the corresponding voltage 
difference is measured; and 
the measured voltage and/or the correspond- 
ing voltage difference are/is compared with the 
measuring signal in order to determine the 
modulation of the measuring signal, said mod- 
ulation being proportional to the relationship of 
the impedances between the electrodes. 

11. Procedure as defined in any one of the preceding 
claims 1-10, characterized in that the measuring 
signal is an a.c. signal having a frequency of about 
10-100 kHz, preferably about 30 kHz. 

12. Procedure as defined In claim 10, characterized in 
that the measuring signal is a voltage signal. 



13. Procedure as defined in claim 10, characterized in 
that the measuring signal Is a current signal. 
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